Introduction {#sec1-1}
============

Epithelial--mesenchymal transition (EMT) is a fundamental process in embryonic development and is actively involved in tumor invasion, tissue homeostasis, wound healing, and fibrosis.\[[@ref1][@ref2]\] The most observed character of EMT is that the cells turn to be spindle-like morphology from the compact and well-arranged epithelial structure. The main hallmark of EMT is downregulation of the adherens junction protein E-cadherin due to transcriptional repression. Candidate E-cadherin transcription repressors are members of the Snail family, including Snail1\[[@ref3]\] and Snail2,\[[@ref4]\] Twist, and ZEB family (ZEB1 and ZEB2).\[[@ref5][@ref6]\] ZEB2 belongs to the ZEB family transcription factor that is pivotal for embryonic development and tumor progression. ZEB2 is most widely known as an inducer of EMT,\[[@ref7]\] the process of converting from a mature epithelial-like state to an immature mesenchymal state with increased migratory and invasive behavior. ZEB2 expression can directly induce EMT in a variety of solid tumor types and can thereby promote metastasis.\[[@ref8][@ref9]\] MicroRNAs (miRNAs) are short 20--22 nucleotides that exhibit a high degree of structural and functional conservation throughout metazoan species. Binding of miRNA to 3′UTR of the target mRNAs with perfect or near-perfect complementarity induces either translation suppression or degradation of mRNA, making them powerful regulators of gene expression in a variety of eukaryotic organisms.\[[@ref10]\] Recent reports have highlighted the importance of miR-200 as a powerful regulator of EMT in cancer cells. miR-200 family members directly target the 3′UTRs of E-cadherin transcriptional repressors ZEB1 and ZEB2. Ectopic expression of miR-200 led to upregulation of E-cadherin in cancer cells and reduced the cell motility. Conversely, loss of miR-200 expression enhanced the migration and invasion during cancer progression.\[[@ref11][@ref12]\] However, the functional roles of a vast majority of miRNAs in the EMT process still remain unknown. Melanoma is the most aggressive form of skin cancer. The incidence of melanoma has become two folded almost every 10 years and is rising more rapidly than the incidence of all other malignancies, except for lung cancer.\[[@ref13]\] However, there is currently no curative therapy available, particularly for its advanced stages. Hence, the molecular mechanisms leading to the development and progression of melanoma are the focus of intense investigation. miR-30a, a member of the miR-30 family, has previously been shown to be downregulated in several cancers.\[[@ref14][@ref15][@ref16][@ref17]\] Since miR-30a expression is dysregulated in melanoma cell lines and melanoma specimens,\[[@ref18]\] it can be speculated that miR-30a may contribute to the development of melanoma as a tumor suppressor. Furthermore, it has been shown that miR-30a targets the 3′UTR of ZEB2 and inhibits EME.\[[@ref19]\] However, little is known about the contribution and underlying molecular mechanism of action of miR-30a in melanoma tumor metastasis. In this study, we investigate the effect of miR-30a on the ZEB2, E-cadherin expression, and the ability of melanoma metastasis in mice.

Materials and Methods {#sec1-2}
=====================

Cell culture and transfection {#sec2-1}
-----------------------------

The melanoma cells line B16-F10 (NCBI, National Cell Bank of Iran, Pasteur Institute of Iran) supplemented with 4 mM L-glutamine, 4.5 g/l glucose and 10% fetal bovine serum, and 0.1% penicillin/streptomycin. Then, cell lines were cultured under humidified air with 5% CO~2~ at 37°C. The miR-30a mimics as well as scramble miRNA were obtained (from Bioneer), their sequences were listed as follows: miR-30a mimics (5′-UGUAAACAUCCUCGACUGGAAG-3′) and scramble miRNA (5′-CAGUACUUUUGUGUAGUACAA-3′). Oligonucleotides (100 pmol/μL) were transfected into the cells at 80% confluence, using Lipofectamine 2000 according to the manufacturer\'s instruction (Invitrogen, USA). Then, B16F10 cells were seeded at a density of 5 × 10^2^ cells/well in 6-well plates and grown for 24 h at 37°C in 5% CO~2~. 48 h after transfection, the cells were trypsinized and then suspended in phosphate-buffered saline (PBS) for quantitative real-time polymerase chain reactions (qRT-PCR) and mice injection.

Pulmonary metastasis mouse model {#sec2-2}
--------------------------------

The study was reviewed and approved by the Ethics Committee of Isfahan University of Medical Sciences. All animal experiments performed in accord with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.

4--6-week-old male C57BL/6 mice were purchased from Pasteur Institute of Iran. In order to acclimatization to the environment, the mice were housed 2 weeks before the experiment in a pathogen-free environment at 25°C under controlled lighting (12-h light/12-h dark cycles) and allowed free access to water and food pellets.

B16-F10 melanoma cells were transfected with 50 pmol/μL miR-30a-5p mimic or scramble 24 h post seeding. After 24 h, 1 × 106 cells (from mimic, scramble, and nontreated controls) resuspended in 100 μL sterile PBS and were injected intravenously through tail vein (each *n* = 6). The day of inoculation was defined as day 0. By day 20, the mice were sacrificed, the lungs removed, rinsed with PBS, and fixed in a neutral-buffered formaldehyde solution. Nodules visible as black forms in the lungs were then enumerated.

Real-time quantitative reverse transcriptase polymerase chain reaction {#sec2-3}
----------------------------------------------------------------------

For qRT-PCR, RNA was prepared by TRIzol reagent (Invitrogen). Total RNA was processed to cDNA by reverse transcription using the High-Capacity cDNA Reverse Transcription Kit. Experiments were run on an Applied Biosystems 7900HT real-time PCR instrument using the SYBR green-based real-time PCR reaction kit, according to the manufacturer\'s instructions. The sequences of E-cadherin primers were forward: 5′-TCCTCGCCCTGCTGATTCTG-3′; Reverse: 5′-CTGGTCTTCTTCTCCACCTCCTTC-3′ and for ZEB2 Forward 5′-TCTCGCCCGAGTGAAGCCTT-3′; reverse: 5′-GGGAGAATTGCTTGATGGAGC-3′. Analysis was performed using the software supplied with the instrument. GAPDH forward primer: 5′-TGGAGAAACCTGCCAAGTATGATG-3′; Reverse: 5′-AGTGGGAGTTGCTGTTGAAGTC-3′ \[[Table 1](#T1){ref-type="table"}\]. The levels of E-cadherin and ZEB2 mRNA analyzed by qRT-PCR were normalized to that of GAPDH. Relative RNA expression was determined by calculating the mean difference between the cycle threshold (CT) of the mRNA of interest and the GAPDH RNA normalization control for each sample (ΔCT). Data (ΔCT) were averaged over independently replicated experiments and expressed as the mean fold change over the mean of the control group (2−ΔΔCT) ± standard error of the mean.

###### 

Primer sequences of real-time polymerase chain reaction

![](ABR-7-143-g001)

Statistical analysis {#sec2-4}
--------------------

Data are shown as the mean ± standard deviation. Statistical analysis was done with SPSS version 18.0 statistic software package (SPSS Inc., Chicago, IL, USA). Comparisons between multiple groups were performed by one-way analysis of variance. A value of *P* \< 0.05 was considered statistically significant. One-way ANOVA and Mann--Whitney U tests for nonparametric analyses were performed for multiple group comparisons of the data. The data were subjected to *post hoc* Tukey test for significance of the differences in the mean values.

Results {#sec1-3}
=======

Zinc finger E-box binding homeobox 2 is the direct target of miR-30 {#sec2-5}
-------------------------------------------------------------------

To investigate whether miRNAs play a role in controlling ZEB2 expression, we integrated the results of the prediction software programTargetScan (<http://www.targetscan.org/>) and found that the 3′UTR of ZEB2 mRNA contained a potential binding site for miR-30a \[[Figure 1](#F1){ref-type="fig"}\].

![Direct targeting of the 3′UTR of ZEB2 mRNA by mir30a conserved miR-30-binding sites in the 3′UTR of Zeb2 mRNA. Predicted consequential pairing of the target regions and miR-30 were based on TargetScan (<http://www.targetscan.org/>)](ABR-7-143-g002){#F1}

miR-30a affects ZEB2 and E-cadherin {#sec2-6}
-----------------------------------

To examine whether miR-30 regulates ZEB2 qRT-PCR results demonstrated that transfection of miR-30a mimics significantly reduced the ZEB2 expression and upregulated the E-cadherin expression in B16F10 melanoma cells \[Figure [2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}\].

![Real-time polymerase chain reaction of E-cadherin (a) and ZEB2 (b) in B16F10 melanoma cell lines after transfected with miR-30a and scramble in comparison with control. \**P* \< 0.05 compared with the control and scramble groups](ABR-7-143-g003){#F2}

miR-3a inhibited melanoma tumor metastasis *in vivo* {#sec2-7}
----------------------------------------------------

To further determine the *in vivo* effects of miR-30a on tumor metastasis, we used a classic *in vivo* model of melanoma lung metastasis in which transfected cells were injected into the tail vein of C57BL/6 mice. Twenty days after injection, mice were sacrificed and the lungs recovered for histology assessment. The number of metastatic nodules in the lung was dramatically decreased in miR-30agroups, compared with the negative control group \[[Figure 3](#F3){ref-type="fig"}\], clearly demonstrating that miR-30a suppresses the ability of melanoma cells to extravasate or seed at a distant site. These findings indicate that miR-30a exerts a negative metastatic regulator on B16F10 cells invasion *in vivo*.

![Comparisons of melanoma tumor in the lung among the control, normal, miR-30a, and scramble groups. \**P* \< 0.05 compared with the control and scramble groups](ABR-7-143-g004){#F3}

Discussion {#sec1-4}
==========

In the present study, we found that the 3′UTR of ZEB2 mRNA contained a potential binding site for miR-30a and Our findings showed that increased expression of miR-30a in melanoma inhibited metastasis *in vivo*. Moreover, we identified ZEB2 as a functional target of miR-30a and expression of miR-30a significantly increased the expression of epithelial marker E-cadherin. EMT occurs frequently during normal development in processes such as mesoderm and neural crest cell formation. During tumor progression, EMT is also crucial for loss of cell polarity of epithelial cells, thus facilitating migratory and invasive behavior. The involvement of the transcription factor ZEB2 during EMT in developmental processes was indicated by the phenotype of the SIP1 knock-out mouse.\[[@ref20]\] Loss of ZEB2 expression was correlated with loss of the migratory capacities of neural crest cells. Retroviral insertion mutagenesis suggested that ZEB2 could contribute to oncogenic transformation.\[[@ref21]\] Furthermore, the upregulation of ZEB-family members during EMT was recently demonstrated.\[[@ref22]\] The E-cadherin promoter was previously identified as a direct target of ZEB2. ZEB2 binds to the E2-boxes (CACCTG) present in the E-cadherin promoter, resulting in downregulation of the promotor\'s activity.\[[@ref8]\]

The miR-30 family, which includes five members (miR-30a, -30b, -30c, -30d, -30e), has been implicated in the pathogenesis of different tumor types.\[[@ref23]\] Although they share the same seed sequence, the various members differ for compensatory sequences which account for their specificity and for their diverse and sometimes opposite roles in the regulation of cell proliferation, EMT, and apoptosis. As about miR-30a, loss of miR-30a-5p has been reported to favor tumor dissemination and chemoresistance by promoting EMT.\[[@ref24][@ref25][@ref26][@ref27]\]

Recently, the study provides evidence that ZEB2 is one of the important effectors of this p53/miR-30a pathway. They demonstrate that the reduction in miR-30a expression elicited by p53 inactivation results in an alleviation of miR-30a-mediated targeting of ZEB2, which correlates with increased cell plasticity, migration, and *in vivo* dissemination.\[[@ref19]\] We integrated the results of the prediction software programTargetScan (<http://www.targetscan.org/>) and found that the 3′UTR of ZEB2 mRNA contained a potential binding site for miR-30a. In agreement with our results, downregulation of the miR-30 family has frequently been detected in various tumors, such as those of the colon, lung, breast, prostate, thyroid, acute myeloid leukemia, and liver,\[[@ref28][@ref29][@ref30][@ref31][@ref32][@ref33]\] in large-scale miRNA expression arrays.\[[@ref30][@ref34]\] Furthermore, miR-30a has been found to increases E-cadherin expression and inhibit EMT process\[[@ref17]\] and is more frequently downregulated in several other metastatic cancers.\[[@ref15]\]

In this study, we showed that increased expression of miR-30a in melanoma inhibited metastasis *in vivo* and increasing the expression of epithelial marker E-cadherin. Moreover, we identified ZEB2 as a functional target of miR-30a and a potential mechanism to suppress cell migration, invasion, and EMT changes. Our data suggest a fundamental role for miR-30a in EMT as well as migration and metastasis of melanoma cells. miR-30 family reduced ZEB2 expression and are among the highly downregulated miRNAs in metastatic cancers, implying a putative function of miR-30 in cancer therapy and metastasis.

Conclusions {#sec1-5}
===========

Our findings showed that increased expression of miR-30a in melanoma cells inhibited lung metastasis in mice by targeting ZEB2 and E-cadherin.
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